Abstract
INTRODUCTION
Ulcerative colitis (UC) is a form of inflammatory bowel disease (IBD). According to relevant epidemiological studies, the incidence of UC is high in Western developed countries, particularly in North America (19.2 per 100000 person-years) and Europe (24.3 per 100000 person-years) [1] . The incidence of UC has been increasing in Asia, especially in China, in recent years [2] [3] [4] . The high incidence of UC in China is particularly concentrated in coastal areas, such as Guangzhou (2.22 per 100000 personyears) and Hong Kong (1.66 per 100000 person-years) [5, 6] . Notably, UC patients have a higher incidence of colorectal cancer than healthy individuals [7, 8] . Moreover, UC is often difficult to treat and is accompanied by a high recurrence rate. Since di-fferent individuals have different manifestations of UC, more accurate diagnosis and treatment of UC for every patient have been emphasised, and precision medicine for UC is needed.
According to the traditional Chinese medicine (TCM) theory, the same disease can be divided into different syndromes, and different treatments would be used clinically depending on the different syndromes. For instance, UC can be divided into Pi-Xu-Shi-Yun syndrome (syndrome of spleen deficiency and dampness, PXSY) and Da-Chang-Shi-Re syndrome (syndrome of dampness-heat in the large intestine, DCSR) [9] . Shi-Re syndrome is caused by dysfunction of the Pi ("spleen") and Wei ("stomach"), and Pi-Xu syndrome has been shown to be involved in dysfunction of the vegetative nervous system of the gastrointestinal tract and immune pathways [10] . PXSY syndrome is a deficiency syndrome, while the DCSR syndrome is a sthenia syndrome. Studies have proven that TCM works for treating UC patients [11] [12] [13] and that TCM drugs are closely associated with immunity [14, 15] , such as reducing pro-inflammatory cytokines [16] . Nevertheless, the essential molecular mechanisms of TCM remain unknown.
Although the pathogenesis of UC is not yet clear, most studies discuss that the dysbiosis of commensal bacterial populations is a major factor in disease pathogenesis, which interacts with genetic susceptibility and could lead to dysregulation of the immune response to bacterial antigens in IBD [17, 18] . Round et al [19] suggested that dysregulation of the gut microbiota might be the cause of UC. The microbiota in the gut affects the health of the host by interacting with genes and the environment. Some studies [20] [21] [22] found that the biodiversity of intestinal bacteria in patients with UC is significantly reduced and that the increase in destructive microbiota in the gut leads to disorders in the intestinal environment. Guo et al [23] showed that the Chinese medicine "Red Ginseng" was effective in relieving symptoms of UC and could promote the growth of probiotic bacteria in vitro. However, the relationships among gut microbiota, TCM syndromes, and UC patho-genesis are unclear.
Because the majority of studies have focused on the relationship between intestinal microbiota and the onset of UC and the contribution of gut microbiota in these two distinct TCM syndromes is still unclarified, this study compared the difference in microbial composition and function between PXSY and DCSR syndromes to determine the molecular mechanism of TCM in UC by investigation of the gut microbiota.
MATERIALS AND METHODS

Patient recruitment
This study was approved by the LongHua Hospital, Shanghai University of Traditional Chinese Medicine. Three groups of adults were recruited in this study (PXSY patients, DCSR patients, and healthy controls). Volunteers under investigation in the hospital were approached if the doctors deemed that they had either UC or a normal colon at colonoscopy. Two types of TCM syndromes of UC, DCSR syndrome and PXSY syndrome, were identified according to the "dysentery" diagnosis standard of UC.
The main clinical manifestations of UC are diarrhoea, mucous pus, and blood accompanied by abdominal pain, tenesmus and back weight, and systemic symptoms of varying degrees. The course of disease is more than 4-6 wk. Mucous purulent blood is the most common symptom of UC. Currently, there is still a lack of the gold standard for UC diagnosis, which is mainly based on the combination of clinical manifestations and endoscopic, pathological, and histological findings as well as the exclusion of infectious and non-infectious colitis. We can distinguish these two syndromes according to patients' clinical manifestations, tongue coating, and pulse condition. Clinical manifestations of DCSR syndrome were abdominal pain, tenesmus, stools containing blood and white mucus, a burning sensation around the anus, and scanty, dark-yellow urine. The tongue coating was greasy and slightly yellow. Pulse was slippery and rapid. While clinical manifestations of PXSY syn-drome were recurrent loose stools and increased frequency of bowel movements, especially after eating greasy food, poor appetite, gastric or abdominal distension, a sallow complexion, and lassitude. The tongue coating was pale and thin. The pulse was weak and thready [24, 25] . The exclusion criteria for UC patients were: (1) Below the age of 18 or above the age of 60 years; (2) Use of microecological preparations or antibiotics within the previous two weeks; (3) Previous gastrointestinal surgery; (4) Severe hypertension, diabetes, coronary heart disease, or other internal diseases; (5) Pregnancy, lactation, or planned pregnancy; (6) Uncooperativeness; and (7) Other autoimmune diseases.
DNA extraction and PCR amplification
Faecal samples were collected from volunteers and stored at -80 °C before DNA isolation. After the DNA was extracted, the integrity of the sampled bacterial genome was examined using agar gel electrophoresis. The V4 hyper-variable region was PCRamplified with forward primer 515F (5'-GTGCCAGCCMGCCGCGG-3') and reverse primer 806R (5'-GGACTACHVGGGTWTCTAAT-3'). Unique barcodes were attached to the primers to allow multiplex deep sequencing. The 25-μL reaction system contained 2 µL DNA extract, 0.4 µL forward primer, 0.4 µL reverse primer, 0.2 µL Taq DNA, and 2.5 µL 10 × buffer. PCR cycling parameters were initial denaturation at 95°C for 5 min; 35 cycles of denaturation at 95 °C for 30 s, annealing at 60 °C for 30 s, and extension at 72 °C for 1 min; and a final extension at 72 °C for 10 min. The PCR product was electrophoresed on a 2.0% agarose gel for 30 min at 120 V, followed by staining with ethidium bromide (0.5 µg/mL) for 20 min, and the brightness of the image strip was observed.
Processing sequencing samples
Trimmomatic [26] (version 0.36) and QIIME [27] software (version 1.8.1) were applied for sequence processing and analysis. In this study, reads with a length less than 200 bp were excluded from further processing and analysis. All the joined sequences were identified as chimaeras with USEARCH [28] , and chimaeric sequences were also filtered. Operational taxonomic units (OTUs) were grouped by a de novo strategy against the Greengenes database with an identity > 97%. Microbiota taxonomy was assigned by RDP classifier. In each group, OTUs with reads of more than half the sample size of that group were kept. Good's coverage index was used to detect the sequencing depth. The Chao1 index was calculated to evaluate the microbial diversity. Principal coordinate analysis (PCoA) was performed to determine the de-gree of dissimilarity among groups using the unweighted UniFrac method.
Prediction and differential analysis of functions
The microbial 16S rRNA sequencing data were used to make OTU tables via the closed reference OTU picking method. The microbial community metagenome prediction was done with Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) [29] . OTU tables were normalized by 16S rRNA copy number, followed by metagenome predictions against Kyoto Encyclopedia of Genes and Genomes (KEGG) Orthology and compilation into KEGG pathways. Finally, linear discriminant analysis effect size (LEfSe) [30] on galaxy online (http://huttenhower.sph.harvard.edu/ galaxy) [31] was carried out to detect inner function differentials among groups. Linear discriminant analysis scores larger than 2 and P-values from the Kruskal-Wallis test less than 0.05 were considered significant.
Statistical methods
Since the distribution of each clinical characteristic followed a normal distribution except of age, the P-value of each clinical characteristic was calculated by the chisquare test, while age was estimated by the rank sum test. A Kruskal-Wallis test with post hoc Dunn's test was performed to compare relative abundances of taxa and microbial diversity among the three groups. To examine significant differences between the UC and control groups, a Wilcoxon rank-sum test with two-tailed distribution was performed. Differential taxa were identified with adjusted P-values < 0.05 (adjusted by the Bonferroni correction) for multiple comparisons, and a false discovery rate < 0.05 was considered significantly different.
RESULTS
Human subjects
Clinical characteristics of the 93 human subjects are shown in Table 1 . Of these subjects, 63 were diagnosed with UC based on colonoscopy at LongHua Hospital, Shanghai University of Traditional Chinese Medicine. Among these volunteers, 31 UC patients were diagnosed with DCSR syndrome, 32 UC patients were diagnosed with PXSY syndrome, and 30 individuals had no specific digestive system diseases and were recruited as healthy controls. All volunteers provided informed consent before participating in the experiment. Among all the individuals, there was no significant difference in any clinical factor, such as gender, age, or inflammation location (P > 0.05) ( Table 1) . PCoA plots in Appendix Figure suggests that gender and age had no obvious influence on sample clustering. Mild activity 9 9
Moderate activity 7 7
Severe activity 8 7
HC: Healthy controls; DCSR: Da-Chang-Shi-Re syndrome; PXSY: Pi-Xu-Shi-Yun syndrome. There were no significant differences among the three groups in gender, age, duration of disease, inflammation location, or disease activity (P > 0.05).
Gut microbiomes of 93 samples (Table 1) were analysed by 16S rRNA pyrosequencing, and a total of 3494198 sequences were obtained after quality control. Good's coverage estimator was determined to measure the sequencing depth of each sample. The alpha rarefaction curve ( Figure 1 ) of each sample reached at the platform extracted approximately 2700 sequences per sample, and Good's coverage estimator of each group approached 100% (>98.9%), indicating that the sequencing depth was sufficient to reflect the majority of bacterial sequences in all samples. The beta diversities of the healthy control, PXSY syndrome, and DCSR syndrome cohorts were assessed by UniFrac analysis. The PCoA plot (Figure 2) showed that the majority of samples were clustered by health status but not by age or gender (Appendix Figure) , reflecting that an association between health status and gut microbiomes existed. Moreover, the UC patients were clustered into two groups according to the two TMC syndromes, PXSY and DCSR, which indicated that the gut microbiota may contribute to distinguishing these two syndromes.
Differences in microbiomes between healthy controls and patients with UC
Non-parametric statistical testing methods were used to analyse the differential microbes between UC patients and healthy subjects. The microbes with an average abundance greater than 1% in any of the groups (Table 2 ) are as follows:
At the family level, the relative abundance of Paraprevotellaceae, Porphyromonadaceae, Rikenellaceae, and Lachnospiraceae decreased in UC patients compared to healthy individuals, while Enterococcaceae and Streptococcaceae were significantly abundant in UC patients. At the genus level, the abundance of Parabacteroides, Alistipes, Ruminococcus, Phascolarctobacterium, Dorea, Sutterella, and an uncultured genus belonging to the family Lachnospiraceae decreased in the UC group compared to healthy controls. On the other hand, the genera Enterococcus, Streptococcus, and Faecalibacterium were more significantly abundant in UC patients than in the healthy cohort. Notably, the families Porphyromonadaceae and Lachnospiraceae exhibited a similar depleted trend in UC patients, as some studies have previously reported [32] [33] [34] . It has also been reported that the genera Enterococcus and Streptococcus were differentially abundant in UC, while Ruminococcus was also significant in the healthy cohort [24, 35] .
Differential microbiome analysis of the two UC syndromes
Intestinal microbiomes that were significantly different between PXSY and DCSR as determined by the Kruskal-Wallis test are highlighted in Table 2 . Bacteroides and Firmicutes were the dominant phyla in these samples, and differed significantly between the PXSY and DCSR groups. Firmicutes was significantly abundant in the DCSR cohort, while Bacteroides was differentially abundant in the PXSY cohort. The differential taxa at the family and genus levels are shown in Figure 3 . Within the phylum Firmicutes, the family Streptococcaceae was significantly different between DCSR syndrome and PXSY syndrome patients. At the genus level, Streptococcus and Lachnoclostridium were significantly different between DCSR and PXSY patients. Known as a lactate producer, Streptococcus was more abundant in DCSR patients than in PXSY patients and healthy controls, indicating that DCSR patients might have more lactate in the gut than PXSY patients and controls. Lachnoclostridium is more abundant in PXSY patients than in DCSR patients and healthy controls. The species Clostridium citroniae, which belongs to the genus Lachnoclostridium, also exhibited the same tendency.
Lactate producers are abundant in DCSR syndrome patients
The lactate producer Streptococcus was increased in the DCSR group, which led us to explore the lactate-producing taxa in PXSY and DCSR syndromes. The relative abundance of the main lactate producers in the gut is shown in Figure 4 . All of the main lactate producers showed a trend of increased relative abundance. Compared to healthy controls and PXSY patients, DCSR syndrome patients had significantly abundant lactic acid bacteria, suggesting that more lactic acid might accumulate in the guts of DCSR patients than in the guts of PXSY patients.
Differential functions between PXSY and DCSR
The gut microbiome composition of all groups was determined based on 16S rRNA gene sequencing data. KEGG pathways were categorized using PICRUSt, and ten differential functions were identified with LEfSe. The functional pathways of gut microbiomes between the PXSY and DCSR groups are shown in Figure 5 . After differential function analysis, the functions related to liquid metabolism, such as synthesis and degradation of ketone bodies and fatty acid metabolism, were more significant in DCSR patients. Moreover, the RIG-I-like receptor (RLR) signalling pathway and benzoate degradation were also more abundant in DCSR patients. In the PXSY cohort, the genetic information processing functions of protein processing in the endoplasmic reticulum and the carbohydrate metabolism (amino sugar and nucleotide sugar metabolism) were abundant. In addition, nitrogen metabolism and prenyltransferase functions were abundant in the PXSY cohort.
DISCUSSION
The gut microbiota is closely associated with the host, and its dysregulation could lead to diseases and inflammation [36] [37] [38] [39] , such as IBD. Scaldaferri et al [40] found that the most severe inflammation was concentrated in the gut of IBD patients at the site with the largest number of microbes, suggesting that changes in the gut microbiota are closely related to intestinal inflammation and that the microbiota affects the host through the immune system [41] . This study is pilot research about the contribution of the gut microbiota to the distinction between the two TCM syndromes of UC and the corresponding molecular mechanism.
According to the TCM theory, PXSY syndrome is a deficiency syndrome, while DCSR syndrome is a sthenia syndrome. Clinical manifestations of the DCSR syndrome focus on the empirical symptoms of intestinal inflammation and injury, while the clinical manifestations of PXSY syndrome focus on the deficiency symptoms of weakened digestion and absorption function. The main clinical symptoms of DCSR syndrome are abdominal pain, diarrhoea, mucous purulent stool, yellowish fur, and thready and slippery pulse. Some of these patients can also show symptoms such as burning pain in the anus, tenesmus, body heat, short red urine, dry or bitter mouth, and ozostomia. The main clinical manifestations in patients with PXSY syndrome include thin sloppy stool, stool mucus that is white rather than red, white frozen, pink tongue, tooth mark around the tongue, and white and greasy tongue coating. Some of these patients may have the symptoms such as dull abdominal pain, abdominal fullness and distention, poor appetite, tiredness, thready and weak pulse, and thready and slippery pulse.
The microbiota in the guts of the healthy cohort and UC patients was investigated in this study, which showed that the richness and diversity of the gut microbiota were different between patients and healthy controls. We found that the intestinal microflora was different between the PXSY and DCSR groups, which is essential for distinguishing the two TCM syndromes of UC and potentially contributes to personalized medicine.
Microbiota and the pathology of DCSR syndrome
Using comparisons among PXSY patients, DCSR patients, and healthy subjects, our study illustrated that the genus Streptococcus significantly increased in UC patients, especially in patients with DCSR syndrome. The excessive growth of Streptococcus in DCSR syndrome patients might indicate the pathological mechanisms of DCSR syndrome.
Increased Streptococcus in DCSR syndrome
Dysbiosis of gut microbiota stimulates the inflammatory response of the host and even induces serious complications [42] [43] [44] . The RLR signalling pathway is associated with inflammation [45] [46] [47] . Here, Streptococcus, together with other pathogens in the gut, could stimulate RLRs and produce pro-inflammatory cytokines such as TNF-α via the RLR signalling pathway to promote inflammation ( Figure 6 ). However, the continuous stimulation of the RLR signalling pathway results in an excessive inflammatory response. This excessive inflammatory response leaves the intestinal barrier function impaired, and then more microorganisms in the intestinal lumen will pass through an already incomplete epithelial barrier. Finally, these microbiotas will cause The average abundance in gut microbiota in each study group is listed as a percentage. Differential taxa with an average abundance greater than 1% in any of the groups are listed. The significantly differential genera with P-values < 0.05 are highlighted in bold. 1 Taxa that were renamed after blasting again in NCBI (The National Center for Biotechnology Information). inflammation and damage to the intestinal epithelium layer.
Abundant lactate producers in DCSR syndrome
The majority of gut microbiota can ferment carbohydrates to produce short-chain fatty acids (SCFAs), lactate, and some inorganic compounds. Some of these products are beneficial to the health of the host, but some harm the intestinal tract, such as by causing damage to the intestinal epithelial barrier or promoting bowel inflammation. Lactate can be produced by some microbes such as Streptococcus in the intestine. The lactate producers can ferment carbohydrates to produce lactic acid, and the accumulation of lactic acid can reduce the pH of the intestinal tract. It has been reported that the over-accumulation of lactate in the intestine of patients leads to a decrease in the pH [48] [49] . In disease status, disorder of the gut microbiota appears, and blooms of lactate producers are significant in DCSR syndrome. Streptococcus in the presence of other lactate producers (Enterococcus, Lactobacillus, Bifidobacterium and so on) [50] [51] [52] [53] [54] can produce lactate. Nevertheless, the utilization rate of lactate by other microbes is decreased in disease status, which causes the over-accumulation of lactic acid in the gut so that the intestinal pH is reduced and the distribution and abundance of intestinal microbiota are changed. Additionally, the accumulation of lactate can stimulate the intestinal tract and aggravate inflammation.
Lachnoclostridium is raised in PXSY patients
This study showed that the abundance of Lachnoclostridium in the PXSY group was Lachnoclostridium is more abundant in Pi-Xu-Shi-Yun (PXSY) syndrome. Lachnoclostridium is more abundant in PXSY syndrome than in the shire group and healthy controls; the species of Lachnoclostridium named Clostridium citroniae also showed the same tendency. Streptococcus was more abundant in Da-Chang-Shi-Re patients than in PXSY and healthy controls. Relative abundance values are the mean ± SE (adjusted a P < 0.05; adjusted b P < 0.01; adjusted c P < 0.001). HC: Healthy controls; DCSR: Da-Chang-Shi-Re syndrome; PXSY: Pi-Xu-Shi-Yun syndrome.
higher than that in the DCSR group. Members of Lachnoclostridium ferment some monosaccharides and disaccharides to acetate as the major SCFA products [55] . Within the genus Lachnoclostridium, the differential microbes between DCSR and PXSY patients, the main differential species is Clostridium citroniae, which also increased in DCSR patients. Clostridium citroniae contains D-cysteine desulfatase [56] and can ferment cysteine to sulfide, pyruvate, and ammonia as end products [57] , and more Clostridium citroniae in the PXSY group suggested that more D-cysteine desulfatase might be present in the intestine of spleen-deficient PXSY patients than in DCSR patients.
The carbohydrate fermentation conducted by bacteria in the colon gives rise to the luminal SCFAs, including acetate, propionate, and butyrate. Among these SCFAs, but-yrate is considered to be the preferred source of nutrition and energy for colonic epithelial cells and is, to a major extent, metabolized by these cells [58] . In addition, butyrate is considered to have anti-inflammatory capacity, and the increase in sulfide may inhibit the oxidation of butyrate, which could damage the epithelial barrier and even result in more severe inflammation.
The gut microbiota could also activate a variety of pathogen-associated molecular patterns on the surface of intestinal epithelial cells and downstream signalling pathways, inducing epithelial cells to secrete anti-inflammatory substances [59, 60] . However, the molecular and metabolic functions of most bacteria are still unknown [60] . Clostridium citroniae contains D-cysteine desulfhydrase, which can ferment cysteine to produce sulfides. Here, Clostridium citroniae was more abundant in PXSY patients than in DCSR patients and healthy subjects. While in patients with PXSY status, increased Clostridium citroniae results in increased D-cysteine desulfhydrase, which results in an increase in sulfides. Finally, sulfides inhibit the oxidization of butyric acid so that the epithelial cells cannot utilize the butyrate in the gut and cause epithelial cell apoptosis. Damage to colonic epithelial cells is reflected in the incomplete intestinal barrier, and gut microbes pass through the intestinal barrier to induce severe inflammation and ulceration. In brief, Clostridium citroniae might be detrimental to the health of the intestinal tract by inhibiting the utilization of butyrate.
PXSY syndrome reflects a kind of deficiency in immune activity, while DCSR syndrome is a kind of dysfunction in gut immunity. These differential trends in the microbiota between the two TCM syndromes of UC indicated that different effects were exerted on the mucosal immune activity and the epithelial barrier function by themselves. The genus Streptococcus, which could lead to inflammation, was significantly more abundant in DCSR patients. It is suggested that Streptococcus and other microbes in the gut might have a certain relationship with DCSR syndrome symptoms such as diarrhoea mixed with blood. These differential microbes are expected to be the markers and therapeutic targets for the clinical precision detection of UC.
There were several weaknesses in the study, like small sample size, non-blinding, and cross-sectional nature. In the following studies, the sample size needs to be further expanded to further strengthen and enrich the accuracy and stability of the research results. This study is a cross-sectional study, and it is difficult to determine the causal relationship between the results. In future studies, the intervention factors can be considered and the dynamic observation before and after the intervention can be carried out.
In conclusion, the gut microbiota is different between patients with PXSY syndrome and those with DCSR syndrome. The genus Streptococcus is significantly more abundant in DCSR patients than in PXSY patients, while Lachnoclostridium increases in PXSY patients. Dysbiosis of the gut microbiota influences the immune responses of the host, which results in inflammation, and the microbial analysis of the two TCM syndromes essentially reflects different immune activities in the human body, but they all point to promotion of inflammation in the gut. 
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Research background
Ulcerative colitis (UC) is considered to be closely associated with alteration of intestinal microorganisms. According to the traditional Chinese medicine (TCM) theory, UC can be divided into Pi-Xu-Shi-Yun syndrome (syndrome of spleen deficiency and dampness, PXSY) and Da-Chang-Shi-Re syndrome (syndrome of dampness-heat in the large intestine, DCSR). PXSY syndrome is a deficiency syndrome, while the DCSR syndrome is a sthenia syndrome. However, the relationships among gut microbiota, TCM syndromes, and UC pathogenesis are unclear.
between PXSY and DCSR syndromes to determine the molecular mechanism of TCM in UC by investigation of the gut microbiota.
Research objectives
The objective of this study was to investigate the role of gut microbiota in UC and the distinction of microbiota dysbiosis between PXSY and DCSR syndromes.
Research methods
We analysed gut microbiome composition of stool samples by 16S rRNA pyrosequencing. We assessed the beta diversity by UniFrac analysis. We also processed the high-throughput sequencing reads with QIIME, and further predicted biological functions using Phylogenetic Investigation of Communities by Reconstruction of Unobserved States.
Research results
We determined the composition of gut bacterial communities in 93 stool samples (30 healthy controls, 32 patients with PXSY syndrome, and 31 patients with DCSR syndrome) by 16S rRNA pyrosequencing. Beta diversity showed that the composition of the microbiota was different among the three groups. We found that Porphyromonadaceae, Rikeneliaceae, and Lachnospiraceae significantly decreased while Enterococcus, Streptococcus, and other potential pathogens significantly increased in UC patients compared to healthy subjects at the family level. We further found that Parabacteroides, Dorea, and Ruminococcus decreased while Faecalibacterium showed increased abundance in UC compared to healthy controls at the genus level. Five differential taxa were identified between PXSY and DCSR syndromes. We observed a significantly increased abundance of Streptococcus in DCSR patients at the genus level, while Lachnoclostridium increased in PXSY patients. Additionally, we found that the differential functional pathways of the gut microbiome between the PXSY and DCSR groups mainly included lipid metabolism, immunity, and the metabolism of polypeptides.
Research conclusions
The present study identified that the gut microbiota is different between patients with PXSY syndrome and those with DCSR syndrome. The genus Streptococcus is significantly more abundant in DCSR patients than in PXSY patients, while Lachnoclostridium increases in PXSY patients. The microbial analysis of the two TCM syndromes essentially reflects different immune activities in the human body, but they all point to promotion of inflammation in the gut.
Research perspectives
The relationship between TCM syndromes and intestinal flora is an interesting and important research topic. Our study preliminarily explored the characteristics and differences of intestinal flora of patients with two different TCM syndrome. Further studies are required to confirm our findings and to clarify the precise mechanism of intestinal flora characteristics related to TCM deficiency and positive syndrome.
